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Various designs of floating fish cages have been developed by the fishermen, both
applications on the rivers, reservoirs, coastal areas, offshore and lakes. So far, the design of
tend to be orientated to be installed horizontally of the high density fish cages. Unfoftunately"
line with the time, the number of cages tend to grow horizontally on the water column.
situation will affect the water current and environmental balance, especially when they are appli
to the slow water current aquatic environment. In order to optimise the ecological use of
Rawapening as fish farming area,it is necessary to change the design of cages as well as farmi
practice. Based on these conditions, the development of design of floating net cage has been
using Stratified Double Net Cages (SDNC) (Putro and Suhartana, 2008; Putro et al,2010).
SDNC is considered to be one of the best alternatives to solve the problem. The advantage of
system is that manufacturing process is much easier using simple materials, so the installati
process wil be easier and economical. Floating cage system is suitable for aquatic areas affected
water tidal because when they lift up and down to follow the horizontal water level. The airns
this study were to evaluate the application of Stratified Double Net Cages (SDNC) based
macrobenthic assemblages to assess the potential environmental impact caused by the use of
farming activities.
Material and Method
Sampling stations were located at Lake Rawapening, Semarang Regency, Central
Location I was at the area of Stratified Double Net Cages (SDNC) belong to 'Rukun Santosa'
has been operating for a year and been fallowed for some time. Location II was located in an
of Stratified Double Net Cages (SDNC) 'Ngudi Makmur', which is relatively new in its
while location III was a reference site that was 1 km away from the area of the farming sites.
location had 3 station$. with 3 replicates. Sampling procedures included collecting sedimeil
fixation, rinsing, sorting, preservation, and identification. Sediment was analysed for sedim{
grain size (SGS), and total organic content (TOC). i
Two-way analysis of variance (ANOVA) was used to compare the results of measurem{
of physical parameters and the sediment-water chemistry between locations and times of sampli{
Data were tested using Kolmogorov-smirnov test for normal distribution of the data and Leld
test for homogeneity of variance. Further post hoc test using Tukey HSD performed to fur&
compare the results of the analysis showed a significant difference (P<0.05). Multivariate analyl
using the Principal Component Analysis (PCA) with Euclidean distance performed to descnl
differences in environmental variability between sampling locations. While multivariate analyr
using non-metric Multi Dimensional Scaling G\fMDS) using Bray-Curtis similarity was perform
to the data macrobenthos to describe the differences between the location and time of sampli4
Further analysis using the BEST-BIOENV was conducted to determine the correlation betwer
abiotic factors (physical and chemical parameters of water and sediments) that influence d
structure of macrobenthos (biotic factors) (Clarke andWarwick,200l; Clarke and Gorley,200(
Non-parametric test used is the index of species diversity and similarity indices, i.e. Shannu
Wiener diversity index (H '), and the similarity index of Pielou's Evenness (J').
Result and Discussion
In general, the quality of waters in the three sampling locations was considered as within d
normal range, for instance the mean of dissolved oxygen (5.0 to 8.0 mg/L), pH (5.8 to 9-i
turbidity (15.8 - 57.3 NTU), conductivity (0.2 -0.3 mS/cm), temperature (27.0 to 31.0"C), ar
water clarity (34.3 to 66.3 cm). The pH showed no significant differences between samplil
locations, but between the times of sampling [F (2, 1 5) : 29 .69 , p : 0.00 I ]. Further post hoc tt
using Tukey HSD showed significant differences in the average pH value between the time ,
sampling in July (F : 8:43, SD : 0.15) and December (F : 6.70, SD : 1:01), and between July at
October (M:9:40, SD:0.2S). The dissolved oxygen (DO) values between sampling sites showr
no significant difference, but between the time of sampling [F (2, 15) :4:53, p:0.029]. Furth
post hoc test using Tukey HSD showed significant differences in the average value of DO betwe
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parameters of waters fluctuated from time to time. Seasonal change of the climate was suspect(
influ-ence change in seasonal physicochemical waters. Although the differences were relati
small, the PCA graph cauld still detect small changes, implying the effectiveness of the method. i
Proportion of species abundance in Location I was shown in Figure 2A. The percentage i
macrobenthic species abundance at location I was dominated by three families, which are Fad
Lumbrineridae (23.9o/o), Family Capitellidae (22.9%), and the Family Tubificidae (14.7%). T1
three dominant taxa were known as opportunistic taxa that can dominate macrobenthic structure'
sedimentary habitat that were susceptible to disturbance, particularly by organically enrich
sediments (Putro et aI,2006; Fauchald, 1977,Pearson and Rosenberg, 1978).
The percentage composition of macrobenthic species abundance in location II *
dominated by the Family Thiaridae (28.4%), Turitellidae (25.6%) and Tubificidae (15.4o/o),
shown in Figure 28. The first two families were not recommended as opportunistic taxa, so th
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Figure 2. Proportion of the composition of macrobenthic species abundance at location I and II.
The existence of the family Tubificidae abundance at this location was an early indication
changes in the environment as the impact of cage fish farming activities (Putro et a1.,2013;Pun
2014). The proportion of macrobenthic species abundance at location III was presented in Figure
The most dominating taxa of macrobenthic structure at location III was Family Thiaridae (52.7ot'
As this family was considered not an opportunistic taxa, thus the dominance of the taxa did r
indicate a disturbance/environmental changes on the site (referneces?). Result of two-way analyr
of variance (ANOVA) shows the differences in abundance macrobenthic statistically significa
between location I, II, and III [F(2,183):7461, p:. 001], with the average size effect (partial t
squared :. 075). Further test results using a Post Hoc (Tukey HSD) indicated a significa
difference of macrobenthic abundance between location I (M : 0:56, SD : 0:26) and II (M : 0.?
SD : 0:39), and between location I and III (M : 0.85, SD : 0:40). The difference between the tir
[F (2, 183) : 7461, p :. 095] and interaction effect between time and location showed :
signifi cant difference [F (4, I 83):7 461,p:. 4051.
t l'ti' "/ \ \' 4.$')irt-1 1o/o
llEi'iiii;iind; iri-tiri;iiieriiiiSe 'aLino,inidae oBuccrnrriae l
Ix:;,","Ti*: 53:;:ifiLli'" 3;itl'.,Tilti"" :jilliffiiE:'-"1
Figure 3. Proportion of the composition of macrobenthic species abundance at location III
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Result of BEST-BIOENV correlation analysis between abiotic factors (physical and
fu.u-.t.r, of water and sediment). Description- code environ-:* :uttub,lt; '-:t-1'3-:iurbiditr4:conductivity; 5:Temperature; 6:Brightness; 7:Gravel;8:sandnetting
Fine sand; l0: clay and silt; 1l : organic content'































Based on the physical and chemical parameters of w-ater and sediment, environmd
condition of Lake Rawapening was within the normal range. Changes in community structuG
macrobenthos were *o.iirrn-rr"nced by locations (spatial) rather than temporal (time)' Abia
factors that most influence the structure of macrobenthos are clay and silt. Based on structure
macrobenthic assemblages, Location I can be categorized as moderately disturbed areas' Locil
II can be categorized aJan initial level ofdisturb"Jur.ur, and Location III can be categorized as
Conclusions
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